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Abstract: Amoxicillin is widely used to treat gastric infections; however, conventional
oral dosage forms often exhibit rapid gastric emptying and short gastric residence
time, which may reduce therapeutic effectiveness. Gastroretentive floating drug
delivery systems can prolong gastric retention and provide sustained drug release.
This study aimed to develop gastroretentive floating beads of amoxicillin using
pectin extracted from breadfruit peel (Artocarpus altilis) and compare their
characteristics with those prepared using commercial pectin. Floating beads were
prepared by ionotropic gelation using calcium chloride as a crosslinking agent and
sodium bicarbonate as a gas-forming agent. The beads were characterized for
morphology, floating behavior, entrapment efficiency, and drug release. All
evaluations were performed in triplicate (n = 3). The prepared beads exhibited
spherical morphology with diameters of 0.24–0.42 mm and weights of 9.26–11.38
mg. Floating lag time ranged from 10–22 seconds, and all formulations remained
buoyant for up to 8 hours. Entrapment efficiency ranged from 31–47%, with
formulations prepared using commercial pectin showing values of 34–47% and
breadfruit peel-derived pectin showing values of 31–43%, with formulation F3
containing 3.5% commercial pectin showing the highest value. In vitro drug release
studies demonstrated sustained release of amoxicillin for up to 8 hours, whereas
conventional tablets released 64.77% of the drug within 2 hours. Drug release
followed the Higuchi model (R² = 0.989–0.996), indicating diffusion-controlled
release. These findings demonstrate that breadfruit peel-derived pectin is a
promising natural polymer for gastroretentive floating bead formulations and
exhibits performance comparable to commercial pectin.

Introduction
Amoxicillin is a widely prescribed β-lactam antibiotic for
the treatment of various bacterial infections, including
those associated with Helicobacter pylori. The therapeutic
success of amoxicillin in H. pylori eradication depends
largely on maintaining sufficient drug concentrations
within the stomach, where the microorganism resides in
the gastric mucus layer (1). However, conventional oral
dosage forms are often limited by rapid gastric emptying
and a relatively short residence time in the gastric
environment, which may reduce local drug availability and
therapeutic efficacy (2). To overcome these limitations,
gastroretentive drug delivery systems (GRDDS) have been
developed to prolong gastric residence and sustain drug
release. Among the various GRDDS approaches, floating

drug delivery systems have attracted considerable
attention because they remain buoyant in gastric fluid,
thereby enhancing gastric retention and improving the
duration of drug exposure at the target site (3).

Natural polymers are increasingly utilized in
controlled-release and gastroretentive formulations due to
their biocompatibility, biodegradability, safety, and
environmental sustainability. Pectin is one of the most
promising natural polymers because of its ability to form
gel matrices and crosslinked networks in the presence of
divalent cations such as calcium. These properties make
pectin particularly suitable for the development of floating
and sustained-release drug delivery systems (4). Although
commercial pectin has been extensively employed in
pharmaceutical formulations, recent studies have explored
alternative pectin sources obtained from agricultural
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by-products and fruit-processing waste. The utilization of
such materials not only supports waste valorization and
environmental sustainability but also offers a potentially
economical source of pharmaceutical excipients.

Breadfruit peel (Artocarpus altilis), an abundant
agricultural waste generated during fruit processing and
consumption, has been reported as a potential source of
pectin with favorable physicochemical characteristics.
Previous investigations have primarily focused on the
extraction process and characterization of breadfruit peel-
derived pectin, while information regarding its application
in gastroretentive floating drug delivery systems remains
limited (5, 6). Furthermore, comparative studies evaluating
the performance of breadfruit peel-derived pectin and
commercial pharmaceutical-grade pectin under identical
formulation conditions are scarce. Therefore, the present
study aimed to formulate gastroretentive floating beads
containing amoxicillin using pectin isolated from
breadfruit peel and to compare their characteristics with
those prepared using commercial pectin. The resulting
formulations were evaluated in terms of physicochemical
properties, buoyancy behavior, swelling capacity, drug
entrapment efficiency, and in vitro drug release
performance to determine the suitability of breadfruit
peel-derived pectin as a sustainable alternative polymer
for gastroretentive drug delivery applications.

Methodology

Study Design
This experimental laboratory study aimed to isolate pectin
from breadfruit peel and evaluate its suitability as a
matrix-forming polymer in the preparation of
gastroretentive floating beads containing amoxicillin. The
extracted pectin was characterized using FT-IR
spectroscopy and compared with commercial pectin.
Floating beads were formulated using both polymer
sources and evaluated for physicochemical properties,
buoyancy behavior, swelling characteristics, drug
entrapment efficiency, release kinetics, and in vitro drug
release profile. All formulations and evaluations were
performed in triplicate (n = 3) to ensure experimental
reproducibility.

Materials
Fresh breadfruit peel was obtained from local cultivation
areas in Serdang Bedagai, North Sumatra, Indonesia.
Amoxicillin trihydrate was used as the model drug (Sigma-
Aldrich, USA). Commercial pharmaceutical-grade pectin
(Sigma-Aldrich, USA) was used as the reference polymer.
Calcium chloride (Merck, Germany) was employed as a
crosslinking agent. Other reagents included citric acid
(Merck, Germany), sodium bicarbonate (Merck, Germany),
sodium hydroxide (Merck, Germany), phenolphthalein
indicator (Merck, Germany), hydrochloric acid (Merck,
Germany), and phosphate buffer components including
potassium dihydrogen phosphate and disodium hydrogen
phosphate (Merck, Germany). Ethanol 96% (Brataco
Chemical, Indonesia) and other analytical-grade solvents
were also used. All chemicals were of analytical grade and
used without further purification. Distilled water (Aqua
Destillata, Ikapharmindo, Indonesia) was used throughout
the study.

Plant Identification
Breadfruit samples were taxonomically identified at
Universitas Sumatera Utara to confirm plant authenticity,
with identification number 050/MEDA/2025.

Preparation of Simplicia
The peel was separated, washed thoroughly to remove
adhering impurities, and cut into small pieces. Drying was
conducted under controlled conditions until constant
weight was achieved. The dried material was then
pulverized into fine powder and stored in airtight
containers for further use (7).

Isolation of Pectin
The pectin isolation procedure was carried out following
the method described by (8), with minor modifications. A
total of 90 g of powdered breadfruit peel was extracted
using 1000 mL of 7.5% citric acid solution in a beaker
glass. The mixture was continuously stirred and heated at
70–80 °C for 90 min under constant stirring conditions to
facilitate the extraction process. After extraction, the
mixture was allowed to cool and then filtered through a
muslin cloth to obtain the pectin filtrate. Pectin was
precipitated by adding 96% ethanol at a ratio of 1:1.5 (v/v).
The resulting pectin coagulum was separated by filtration
using filter paper. The wet pectin was washed with 96%
ethanol to remove residual acid. The purified wet pectin
was then dried in an oven at 50 °C for 12 h. The dried
pectin was subsequently ground and sieved to obtain a
uniform powder. To obtain sufficient yield, the extraction
process was repeated as necessary.

Preparation of Amoxicillin Gastroretentive
Floating Beads
Amoxicillin gastroretentive sustained-release floating
beads were prepared using both isolated pectin from
breadfruit peel and commercial pectin at different
concentrations, as shown in Table 1 (8). The selected
pectin concentrations (3.0%, 3.25%, and 3.5% w/v) were
determined based on preliminary optimization studies
conducted prior to the main experiment. Preliminary trials
indicated that pectin concentrations below 3.0% produced
beads with inadequate structural integrity and poor shape
retention, whereas concentrations above 3.5% generated
highly viscous dispersions that were difficult to process
and resulted in non-uniform bead formation. Therefore,
the concentration range of 3.0–3.5% was considered
appropriate for further formulation and evaluation.
Polymer solutions were prepared by dissolving pectin at
concentrations of 3.0%, 3.25%, and 3.50% (w/v) in 10 mL
of distilled water. Sodium bicarbonate (NaHCO₃), serving
as a gas-forming agent, was added at a fixed amount of
50 mg and stirred until uniformly dispersed. Amoxicillin
(500 mg) was then incorporated into the polymer mixture,
followed by sonication for 30 min to ensure homogeneous
dispersion. The resulting dispersion was carefully dropped
into 20 mL of a crosslinking medium consisting of 2%
(w/v) calcium chloride prepared in 10% (v/v) acetic acid
under continuous stirring. Ionic gelation occurred
immediately upon contact with the crosslinking medium,
resulting in the formation of floating beads. The acidic
medium was incorporated to facilitate the reaction
between acetic acid and sodium bicarbonate, thereby
generating carbon dioxide gas responsible for bead
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buoyancy. Ionic gelation occurred immediately upon
contact with the crosslinking solution, resulting in the
formation of floating beads. The beads were allowed to
remain in the calcium chloride solution for 10–15 min to
ensure adequate curing and stabilization of the polymeric
network.

Subsequently, the beads were collected by filtration
using filter paper and gently blotted to remove excess
solution. The beads were rinsed with distilled water to
remove residual reagents, blotted again using filter paper,
and dried in an oven at 50–60 °C for 60 min. The dried
beads were immediately subjected to characterization and
evaluation. The composition of each formulation used in
this study is presented in Table 1.

Evaluation of Floating Beads

Determination of Bead Diameter
Bead diameter was determined using a digital caliper. Five
randomly selected beads were measured from each
replicate batch. This sample size was selected for
preliminary physicochemical characterization and was
consistently applied across all formulations, and the
experiment was performed in triplicate (n = 3). The results
are expressed as mean ± standard deviation (SD) (9).

Determination of Bead Weight
Bead weight was determined using an analytical balance.
Five randomly selected beads were weighed from each
replicate batch, and the experiment was performed in
triplicate (n = 3). The results are expressed as mean ±
standard deviation (SD) (9).

Floating Lag Time and Floating Duration Study
Floating behavior of the beads was evaluated by
determining both the floating lag time and floating
duration. A total of ten beads were placed in a beaker
containing simulated gastric fluid (pH 1.2). The floating lag
time was recorded as the time required for the beads to
rise to the surface of the medium. The floating duration
was defined as the total time during which the beads
remained buoyant and was observed at hourly intervals for

up to 8 h. This test was conducted to assess the buoyancy
characteristics and gastroretentive potential of the floating
bead formulations (10). The experiment was performed in
triplicate (n = 3), and the reported floating lag time values
represent the mean values obtained from three
independent measurements.

Swelling Study of Amoxicillin Floating Beads
The swelling behavior of amoxicillin floating beads was
evaluated to determine the expansion properties of the
beads in simulated gastric conditions. A total of 100 mg of
dried floating beads was accurately weighed (W₁) and
placed into 900 mL of simulated gastric fluid (pH 1.2)
maintained at 37 ± 0.5 °C using a dissolution apparatus
operated at 50 rpm. At predetermined time intervals, the
beads were removed, filtered using filter paper, and
weighed again (W₂) after removing excess surface liquid.
The swelling index was calculated based on the increase in
bead weight after immersion in the medium. This test was
conducted for 5 h to evaluate the swelling characteristics
of the floating beads (11). All measurements were
performed in triplicate (n = 3), and the results were
expressed as mean ± standard deviation. The swelling
index was calculated using the Equation 1, where W1 =
Initial weight of beads and W2 = Weight of beads after
swelling.

Determination of Amoxicillin Entrapment Efficiency in
Floating Beads
A total of 20 mL of calcium chloride filtrate obtained from
the filtration of the amoxicillin floating bead preparation
was transferred into a 50 mL volumetric flask and diluted
to volume with simulated gastric fluid (pH 1.2). The
solution was then filtered, and 1 mL of the filtrate was
further transferred into a 25 mL volumetric flask and
diluted to the mark with simulated gastric fluid (pH 1.2).
The concentration of unentrapped amoxicillin in the
filtrate was determined using an ultraviolet
spectrophotometer at a maximum wavelength of 228 nm.
The amount of drug entrapped in the floating beads was
calculated by subtracting the amount of free drug from
the initial drug content (8). The entrapment efficiency

Table 1. Composition of amoxicillin floating bead formulations.

Materials
Formulation

F1 F2 F3 F4 F5 F6

Amoxicillin (mg) 500 500 500 500 500 500

Commercial pectin (%) 3.0 3.25 3.50 - - -
Isolated pectin (%) - - - 3.0 3.25 3.50
NaHCO3 (mg) 50 50 50 50 50 50

CaCl2 (%) 2 2 2 2 2 2
Note: All formulations were gelled in 20 mL of 2% (w/v) CaCl₂ containing 10% (v/v) acetic acid.

(Eq. 1)

(Eq. 2)

Swelling Index (%) = ​ ×
W1

W2 −W1
100

Entrapment Efficiency (%) = ​ ×
W2

W2 −W1
100
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Figure 1. Beads prepared from commercial pectin (A) and
breadfruit peel derived pectin (B).

determination was performed in triplicate (n = 3), and the
results were expressed as mean ± standard deviation. The
% of drug entrapment efficiency was calculated using the
Equation 2, where W2 = total drug amount and W1 = free
drug amount in the supernatant.

Amoxicillin Release Study from Floating Bead
Formulations

In Vitro Release Study of Amoxicillin
The in vitro release of amoxicillin from the floating bead
formulation was evaluated using a paddle-type dissolution
apparatus. The test was conducted in 900 mL of simulated
gastric fluid (pH 1.2) maintained at 37 ± 0.5 °C, with a
stirring speed of 50 rpm. Floating beads equivalent to 500
mg of amoxicillin were placed into the dissolution vessel
after the temperature and agitation speed had stabilized.
Aliquots of 5 mL were withdrawn at predetermined time
intervals of 5, 10, 15, 20, 30, 45, 60, 90, 120, 150, 180, 240,
300, 360, 420, and 480 min. Each withdrawn sample was
diluted with simulated gastric fluid (pH 1.2) to a final
volume of 100 mL prior to analysis. To maintain a constant
dissolution volume, each withdrawn sample was
immediately replaced with an equal volume (5 mL) of fresh
simulated gastric fluid at the same temperature. The
concentration of released amoxicillin was determined
using ultraviolet spectrophotometry at a wavelength of
228 nm. Each formulation was tested in triplicate to ensure
reproducibility of the results (12).

Analysis of Amoxicillin Release Kinetics
The dissolution profiles obtained from each formulation
were analyzed by fitting the release data to several
mathematical kinetic models to determine the mechanism
of drug release. The models applied included zero-order
kinetics, first-order kinetics, Higuchi model, and
Korsmeyer–Peppas model. The zero-order model describes
drug release at a constant rate independent of drug
concentration, while the first-order model explains
concentration-dependent drug release. The Higuchi model
characterizes drug release from matrix systems based on
diffusion mechanisms, whereas the Korsmeyer–Peppas
model is used to identify the release mechanism when
more than one type of release phenomenon is involved.
The most appropriate release model was determined
based on the highest correlation coefficient (R²) value. This
analysis was performed to identify the release kinetics and
to elucidate the mechanism governing amoxicillin release
from the gastroretentive floating bead system (13).

Statistical Analysis
All experiments were performed in triplicate (n = 3) and
results were expressed as mean ± standard deviation (SD).
Statistical comparisons of cumulative drug release among
formulations were analyzed using one-way analysis of
variance (ANOVA) followed by Tukey's post hoc multiple
comparison test. Statistical significance was established at
p < 0.05. Confidence intervals (95% CI) were calculated
where applicable.

Results and Discussion

Sample Preparation Result
Fresh breadfruit was collected from Martebing, Serdang
Bedagai, with an initial weight of 1 kg. The breadfruit peel
was separated, washed, dried, and subsequently ground
into powder to obtain simplicia. After the drying and
milling process, 90 g of powdered breadfruit peel simplicia
were obtained. The loss on drying of the breadfruit peel
was found to be 8%, while the simplicia yield was
calculated to be 8.32%. The powdered simplicia was then
subjected to pectin isolation using 7.5% citric acid as the
extraction solvent. From 90 g of breadfruit peel powder,
7.41 g of pectin was obtained, corresponding to a pectin
yield of approximately 8%. The obtained yield indicates
that breadfruit peel has potential as an alternative natural
source of pectin. The extraction yield is influenced by
several factors, including extraction temperature,
extraction time, pH, and solvent concentration. Acidic
extraction using citric acid facilitates the hydrolysis of
protopectin into soluble pectin, thereby improving
extraction efficiency. In addition, the moderate extraction
temperature helps preserve pectin structure and prevents
excessive degradation during the isolation process. These
results suggest that breadfruit peel can be effectively
utilized as a natural polymer source for pharmaceutical
applications, particularly in gastroretentive floating bead
formulations.

Evaluation Results and Characteristics of the
Formulation

Determination of Bead Specifications
The beads were produced by dropping a mixture of pectin
solution and drug into a calcium chloride solution. The
interaction between pectin and calcium ions forms an
“egg-box” structure, which enables the entrapment of the
drug within the polymeric matrix (8). The specification
assessment of pectin beads containing amoxicillin
included observations of shape, color, as well as
measurements of bead weight and diameter. Visual
evaluation of all six formulations showed that the beads
were spherical or nearly spherical in shape. Beads
prepared using commercial pectin (F1–F3) appeared white,
whereas beads formulated with pectin isolated from
breadfruit peel exhibited a yellowish-brown color. This
difference in color is attributed to the inherent color
variation between pectin derived from breadfruit peel and
commercial pectin. Isolated breadfruit peel pectin typically
appears yellowish-brown, while commercial pectin is
generally white to pale yellow (5). The morphological
appearance of beads from each formulation is presented
in Figure 1.
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Bead Diameter and Weight Results
The diameter of beads prepared using commercial pectin
ranged from 0.24 to 0.40 mm, whereas beads formulated
with breadfruit peel-derived pectin ranged from 0.26 to
0.42 mm. Overall, no substantial difference was observed
in bead size between formulations prepared with
commercial pectin and those prepared with isolated
breadfruit peel pectin. However, pectin concentration
influenced bead diameter, with higher concentrations
associated with larger bead diameters in both commercial
and breadfruit peel pectin formulations. This trend may be
related to differences in the rheological properties of the
polymer dispersion during bead formation, although
viscosity was not directly measured in the present study
(11). The bead diameter for each formulation is presented
in Table 2.

A similar concentration-dependent trend was
observed for bead weight, where formulations containing
higher pectin concentrations produced heavier beads. This
observation is consistent with the larger bead diameters
obtained at higher polymer concentrations (14) The
increase in bead weight may contribute to differences in
matrix characteristics and subsequently influence the
performance of the floating bead formulations (15). The

bead weight data for each formulation are presented in
Table 3.

Floating Lag Time Evaluation
The floating lag time test demonstrated that all six
formulations required a short period before becoming
buoyant. This parameter was measured from the moment
the beads were introduced into simulated gastric fluid (pH
1.2) until they rose and floated on the surface of the
medium. The results showed that the floating lag time
ranged from 10 to 22 s, indicating rapid buoyancy of all
formulations (16). The floating lag time data for each
formulation are presented in Table 4.

Among all formulations, F2 exhibited the shortest
floating lag time (10 s), while F4 showed the longest
floating lag time (22 s). Differences in floating lag time
among formulations may be associated with variations in
bead structure and matrix characteristics. However,
porosity and internal morphology were not directly
evaluated in the present study; therefore, the exact factors
contributing to these differences could not be conclusively
determined. Lower density and higher porosity generally
facilitate faster buoyancy due to more efficient gas
retention within the bead structure. The floating beads
were prepared using an effervescent (gas-generating)

Table 2. Average diameter of floating beads for each formulation.

Formulation Average Diameter (mm) ± SD

F1 (Commercial Pectin 3%) 0.24 ± 0.05
F2 (Commercial Pectin 3.25%) 0.34 ± 0.24

F3 (Commercial Pectin 3.50%) 0.40 ± 0.10
F4 (Breadfruit Peel Pectin 3%) 0.26 ± 0.05
F5 (Breadfruit Peel Pectin 3.25%) 0.36 ± 0.05

F6 (Breadfruit Peel Pectin 3.50%) 0.42 ± 0.08

Table 3. Average weight of floating beads for each formulation.

Formulation Average Weight of Beads (mg) ± SD

F1 (Commercial Pectin 3%) 9.26 ± 0.92
F2 (Commercial Pectin 3.25%) 10.2 ± 0.48
F3 (Commercial Pectin 3.50%) 11.3 ± 0.58

F4 (Breadfruit Peel Pectin 3%) 9.82 ± 0.95
F5 (Breadfruit Peel Pectin 3.25%) 10.4 ± 0.50
F6 (Breadfruit Peel Pectin 3.50%) 11.2 ± 0.32

Table 4. Floating lag time of floating beads.

Formulation Floating Lag Time (s)

F1 (Commercial Pectin 3%) 20

F2 (Commercial Pectin 3.25%) 10
F3 (Commercial Pectin 3.50%) 15
F4 (Breadfruit Peel Pectin 3%) 22

F5 (Breadfruit Peel Pectin 3.25%) 12
F6 (Breadfruit Peel Pectin 3.50%) 18
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system. Sodium bicarbonate was incorporated as a gas-
forming agent, which produces carbon dioxide upon
contact with the acidic gastric environment. When the
beads were introduced into simulated gastric fluid, a short
period was required for the medium to penetrate the bead
matrix and initiate the reaction with sodium bicarbonate.
The generated carbon dioxide gas became entrapped
within the polymeric network, decreasing bead density
and allowing the beads to float on the surface of the
medium, thereby enhancing gastric retention (17). The
short floating lag times observed across all formulations
may be explained by the presence of acetic acid in the
gelation medium. Upon contact with the gelation solution,
acetic acid reacted with sodium bicarbonate in the
formulation, producing carbon dioxide gas, while calcium
ions simultaneously induced rapid crosslinking of the
pectin matrix. This process facilitated the entrapment of
gas within the beads, generating internal pores that
lowered bead density and promoted rapid buoyancy in
simulated gastric fluid. The rapid floating lag time
observed in all formulations indicates that both
commercial pectin and breadfruit peel pectin are suitable
polymer matrices for developing gastroretentive floating
bead systems with effective buoyancy characteristics.

Floating Time Evaluation
The floating time study demonstrated that all floating
bead formulations remained buoyant for up to 8 h in
simulated gastric fluid (pH 1.2), indicating good gastric

retention capability (18). The prolonged floating behavior
suggests that the prepared beads possessed sufficient
structural integrity and gas retention capacity to maintain
buoyancy over an extended period. This floating ability is
attributed to the presence of sodium bicarbonate as a gas-
forming agent, which generates carbon dioxide upon
contact with the acidic medium. The prolonged floating
behavior may be associated with entrapment of generated
carbon dioxide within the crosslinked polymer matrix,
although direct visualization of the internal bead structure
was not performed in the present study.

Swelling Properties of the Development Floating Beads
The swelling behavior of the floating beads was evaluated
by measuring the increase in weight of the dried beads
after immersion in simulated gastric fluid. The swelling
index profiles of all formulations are presented in Table 5.
In general, the swelling index increased with immersion
time, indicating progressive uptake of simulated gastric
fluid by the pectin matrix. The swelling values ranged from
1% to 35% during the observation period. Although some
formulations exhibited minor fluctuations in swelling
behavior at intermediate time points, an overall increase in
swelling was observed throughout the study period. Such
variations may be attributed to structural rearrangement
of the hydrated polymer network and partial matrix
erosion during immersion. The observed swelling behavior
is important because hydration of the pectin matrix
promotes the formation of a gel layer that can contribute

Table 5. Swelling index (%) of floating bead formulations at different immerson times.

Time (min) F1 F2 F3 F4 F5 F6

5 9 7 3 4 8 1
10 12 14 6 16 21 7

15 16 18 24 24 17 20
20 20 22 28 28 13 19
25 22 25 30 35 34 28

Figure 2. FT-IR spectra of commercial pectin (A) and breadfruit peel derived pectin (B).
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Figure 3. Drug entrapment efficiency profile of each
formulation.

to prolonged buoyancy and regulate drug diffusion from
the bead matrix. Therefore, swelling is likely to play a
significant role in controlling both the gastroretentive
properties and sustained-release characteristics of the
formulations (18). The modest swelling behavior observed
in the formulated beads may be explained by the relatively
high proportion of drug relative to polymer. With
amoxicillin maintained at 500 mg and pectin content
ranging from approximately 300 to 350 mg, the extensive
drug loading could have reduced the free volume
available within the polymer matrix. This may have
constrained the expansion of the calcium-crosslinked
pectin structure and hindered water penetration during
hydration, ultimately leading to lower swelling indices than
might be expected from a hydrophilic polymer such as
pectin.

Functional Group Analysis of Pectin by FT-IR
The functional groups of pectin isolated from breadfruit
peel were characterized using Fourier Transform Infrared
(FT-IR) spectroscopy. This analysis was conducted to
confirm the chemical structure and identify the
characteristic functional groups of the extracted pectin.
The FT-IR spectrum of breadfruit peel pectin is presented
in Figure 2. The spectral profile provides information on
the presence of key functional groups associated with
pectin, particularly those related to polysaccharide
structures and esterified carboxyl groups, which are
essential for its gel-forming and polymeric properties. The
identification of these functional groups supports the
successful isolation of pectin from breadfruit peel and

confirms its suitability for use as a polymer matrix in
floating bead formulations.

The FT-IR spectral data indicate strong similarities
between commercial pectin and the pectin extracted from
breadfruit peel. Both spectra exhibited a broad absorption
band in the region of 3200–3500 cm⁻¹, corresponding to
O–H stretching vibrations associated with hydrogen-
bonded hydroxyl groups from sugar units and bound
water. This confirms the abundance of hydroxyl groups,
which are characteristic of polysaccharide structures such
as pectin. Absorption peaks observed at 2850–2950 cm⁻¹
represent C–H stretching vibrations of aliphatic –CH₃
groups derived from the monosaccharide backbone of
pectin. The band detected in the range of 1650–1750 cm⁻¹
corresponds to C=O stretching of methyl-esterified
galacturonic acid groups. The similarity in peak positions
between the commercial and extracted samples suggests
that the isolated pectin possesses a degree of
esterification comparable to that of commercial pectin.
Furthermore, absorption bands in the region of 1600–1650
cm⁻¹ indicate the presence of non-esterified galacturonic
acid units, reflecting free COOH groups that play an
important role in gel formation and ionic interactions. The
fingerprint region at 1200–1000 cm⁻¹ corresponds to C–O–
C and C–O stretching vibrations of ether linkages typical of
polysaccharide structures. Overall, the identified functional
groups including hydroxyl (O–H), aliphatic (C–H), ester
carbonyl (C=O), carboxylic (–COOH), and ether linkages—
confirm that the extracted material exhibits structural
characteristics consistent with pectin. These findings
demonstrate that the isolation process successfully
produced pectin with functional group profiles
comparable to commercial pectin (19). The FT-IR spectra
of breadfruit peel-derived pectin and commercial pectin
exhibited similar characteristic absorption bands
associated with hydroxyl, carbonyl, and glycosidic
functional groups. No substantial peak shifts or
disappearance of characteristic bands were observed after
drug incorporation. This finding suggests that amoxicillin
was primarily incorporated into the floating bead matrix
through physical entrapment rather than significant
chemical interaction with the pectin polymer. Although
slight differences in peak intensity were observed between
commercial pectin and breadfruit peel-derived pectin, the
major characteristic absorption bands appeared within
similar wavenumber regions. These findings suggest that
both materials possess comparable functional group
compositions and potentially similar gel-forming
capabilities. However, because degree of esterification and
methoxyl content were not determined, definitive
conclusions regarding differences in esterification

Table 5. FT-IR functional group identification of commercial and breadfruit peel pectin.

No
Wavenumber range (cm-1)

Functional Group
Standar Commercial Pectin Sample Pectin

1 3200-3600 3200-3500 3200-3500 -OH

2 2850-2950 2900-2950 2900-2950 -CH3
3 1650-1750 1730-1750 1730-1750 -C=O
4 1600-1650 1600-1650 1600-1650 -COOH

5 1200-1000 1200-1000 1200-1000 C-O (eter)
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Figure 4. In vitro release profile of amoxicillin from
floating beads formulations (F1–F6) in simulated gastric
fluid over 480 minutes. Data are presented as mean ±

standard deviation (SD), indicating the variability of drug
release among formulations.

characteristics could not be established.

Entrapment Efficiency Results
The entrapment efficiency of amoxicillin in all bead
formulations is presented in Figure 3. This parameter
reflects the ability of the polymer matrix to retain the drug
within the bead structure during the gelation and curing
processes. Variations in entrapment efficiency among the
formulations are influenced by differences in pectin type
and concentration, which affect matrix density,
crosslinking behavior, and drug diffusion during bead
formation. Higher polymer concentrations generally
promote stronger gel networks, which can enhance drug
retention by reducing drug leakage into the external
medium during ionotropic gelation. A detailed comparison
of the entrapment efficiency values for each formulation is
illustrated in Figure 3.

Drug entrapment is influenced by the surface area of
the beads and the extent of crosslinking formed through
the penetration of Ca²⁺ ions. Calcium ions interact with the
carboxyl groups of pectin to form a three-dimensional
“egg-box” network, which stabilizes the polymer matrix,
retains the drug within the beads, and contributes to
controlled drug release (20). The entrapment efficiency of
amoxicillin in formulations F1, F2, and F3 (containing
commercial pectin) ranged from 34% to 47%, while
formulations F4, F5, and F6 (containing breadfruit peel–
derived pectin) showed entrapment efficiencies between
31% and 43%. These differences were primarily influenced
by the amount of pectin used in each formulation. Higher
pectin concentrations resulted in increased entrapment
efficiency due to the formation of a denser and more
cohesive polymer network. At a lower pectin concentration
(3.0%) in formulations F1 and F4, the polymer–drug
mixture exhibited lower viscosity, producing smaller and
more numerous droplets during bead formation. This
increased the surface area exposed to the CaCl₂ solution,
facilitating greater drug diffusion into the external medium
and resulting in higher amounts of unentrapped drug. In
contrast, formulations containing 3.50% pectin (F3 and F6)

produced more viscous mixtures that generated larger and
fewer droplets. This reduced the surface area available for
drug loss during gelation, thereby decreasing the amount
of free drug and improving entrapment efficiency (21).
Although the entrapment efficiency values obtained in this
study were moderate (31–47%), a concentration-
dependent increase was observed in both commercial and
breadfruit peel-derived pectin formulations. The relatively
low entrapment efficiency may be attributed to the high
aqueous solubility of amoxicillin, which facilitates drug
diffusion into the external calcium chloride solution during
ionotropic gelation. Further optimization of polymer
concentration, crosslinking conditions, and drug-to-
polymer ratio may improve drug retention within the
polymer matrix.

Amoxicillin Release Test Results from Beads
Preparation

In Vitro Drug Release from Floating Beads
The in vitro drug release study demonstrated that calcium
ions (Ca²⁺) played a crucial role in enhancing the structural
integrity of the pectin-based gel matrix, thereby
prolonging the release of amoxicillin from the floating
beads. The formation of a stronger gel network due to
ionic crosslinking contributed to a sustained drug release
behavior. The release mechanism of amoxicillin from the
floating beads is governed by a combination of swelling,
diffusion, and erosion processes, which collectively
regulate the drug release profile. In an acidic medium, the
repulsion between the carboxylic acid groups within the
pectin structure is reduced, allowing the polymer chains to
remain compact while gradually absorbing the
surrounding medium. This condition facilitates controlled
swelling of the beads, followed by diffusion of the drug
through the hydrated gel layer. Additionally, matrix
erosion contributes to the gradual release of the
entrapped drug over time (15). The cumulative release
profiles of amoxicillin from formulations F1–F6 are
presented in Figure 4.

All formulations exhibited a sustained release pattern
that met the established criteria for sustained-release
systems. According to the criteria reported by Ref. (22),
sustained-release dosage forms are generally expected to
release approximately 10–25% of drug at 3 h, 15–30% at 6
h, and 20–40% at 8 h. These criteria were used in the
present study as a comparative reference for evaluating
sustained-release performance. The results showed that all
floating bead formulations complied with these
requirements, indicating effective control over drug
release. In contrast, the conventional tablet formulation
exhibited a rapid drug release, reaching 64.77% within 2 h,
highlighting the advantage of the floating bead system in
prolonging drug release. The drug release profiles of all
floating bead formulations differed significantly from that
of the conventional tablet formulation. One-way ANOVA
followed by Tukey's HSD post hoc analysis demonstrated
significant differences between the floating bead
formulations and the conventional tablet formulation (p <
0.001). Pairwise comparisons further revealed significant
differences among most formulation pairs, although
several formulations exhibited statistically comparable
release behavior. The significantly slower drug release
observed in the floating bead formulations may be
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attributed to the formation of a hydrated and crosslinked
pectin matrix, which acts as a diffusion barrier and
prolongs drug release. This observation is consistent with
the swelling behavior of the formulations, where matrix
hydration contributed to sustained drug diffusion over
time. Consequently, the floating bead formulations
exhibited a slower and more controlled release pattern
than the conventional tablet, suggesting that the pectin
matrix effectively regulated drug diffusion throughout the
dissolution period.

Release Kinetics Analysis of Amoxicillin from Floating
Beads
The correlation coefficient (R²) values of amoxicillin release
kinetics for all floating bead formulations are presented in
Table 6.

The correlation coefficient (R²) values indicate that the
Higuchi model exhibited the highest R² values for all
formulations, suggesting that amoxicillin release followed
the Higuchi diffusion model. This indicates that drug
release was primarily controlled by diffusion through the
polymeric matrix (8). In this system, the drug is dispersed
within the matrix and gradually released through the pores
of the polymer network over time (23). The zero-order
model also showed relatively high R² values, indicating a
tendency toward constant drug release. However, since
the Higuchi model demonstrated higher R² values,
diffusion remained the dominant release mechanism.
Meanwhile, lower R² values in the first-order model
indicate that drug release was not solely dependent on the
remaining drug concentration within the system (24).
Further analysis using the Korsmeyer–Peppas model
showed that the diffusion exponent (n) values for all
formulations ranged between 0.5 and 0.7. These values
indicate a non-Fickian (anomalous) transport mechanism,
which involves a combination of drug diffusion and
polymer matrix relaxation processes such as swelling and
erosion (23). This result suggests that amoxicillin release
from the floating beads was not governed solely by
diffusion but also influenced by the swelling behavior of
the pectin matrix and gradual erosion of the polymer
structure. The hydrophilic nature of pectin allows the
beads to absorb simulated gastric fluid, forming a gel layer
that controls drug diffusion. Simultaneously, matrix
erosion contributes to sustained drug release over an
extended period. The selection of the most appropriate
release model in the present study was primarily based on
correlation coefficient (R²) values, which is a commonly
applied approach in preliminary release kinetic
evaluations. Nevertheless, additional model validation
approaches may provide a more comprehensive

assessment of release behavior and should be considered
in future investigations.

Limitations and Future Perspectives
Although the present study demonstrated the potential
applicability of breadfruit peel-derived pectin as a matrix-
forming polymer for gastroretentive floating beads,
several limitations should be acknowledged. In addition,
bead diameter and weight measurements were performed
using five randomly selected beads per replicate batch.
Although this sampling approach provided preliminary
characterization of bead morphology, a larger sample size
would provide a more representative assessment of bead
size distribution and variability. Therefore, future studies
should include a greater number of beads for dimensional
and weight analysis. The study did not include
commercially available sustained-release benchmark
formulations or dissolution similarity factor analysis. In
addition, further physicochemical characterization of the
extracted pectin, including degree of esterification,
methoxyl content, galacturonic acid content, moisture
content, and viscosity determination, would provide a
more comprehensive understanding of its pharmaceutical
properties and their influence on bead formation, drug
entrapment efficiency, swelling behavior, and drug release
characteristics. Future studies should address these
aspects and explore formulation optimization strategies to
improve drug entrapment efficiency and overall
formulation performance.

Conclusion
Amoxicillin gastroretentive floating beads were
successfully formulated using both breadfruit peel-derived
pectin and commercial pectin through ionotropic gelation.
The formulated beads exhibited satisfactory floating
properties, swelling behavior, and sustained-release
characteristics. Increasing pectin concentration generally
improved drug entrapment efficiency and prolonged drug
release. The release profiles were most closely described
by the Higuchi model, suggesting that diffusion played an
important role in the drug release mechanism under the
experimental conditions investigated. The findings suggest
that breadfruit peel-derived pectin has potential as an
alternative natural polymer for gastroretentive floating
bead formulations. However, variations in formulation
performance, particularly entrapment efficiency, indicate
that further optimization is required. In addition, the
present study was limited to in vitro evaluation and did
not include comprehensive physicochemical
characterization, long-term stability testing, toxicity
evaluation, or in vivo gastric retention studies. Therefore,

Table 6. Correlation coefficient (R²) values of amoxicillin release kinetics from floating beads.

Formulation Zero Order (R2) First Order (R2) Higuchi (R2) Korsmeyer Peppas (R2) n

F1 (Commercial Pectin 3.0%) 0.991 0.873 0.995 0.989 0.623
F2 (Commercial Pectin 3.25%) 0.985 0.902 0.993 0.982 0.601

F3 (Commercial Pectin 3.50%) 0.978 0.910 0.989 0.975 0.588
F4 (Breadfruit Peel Pectin 3.0%) 0.992 0.884 0.996 0.990 0.645
F5 (Breadfruit Peel Pectin 3.25%) 0.989 0.895 0.994 0.987 0.632

F6 (Breadfruit Peel Pectin 3.50%) 0.987 0.901 0.993 0.986 0.618
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further investigations are necessary to confirm the
pharmaceutical applicability of breadfruit peel-derived
pectin and to evaluate its performance under physiological
conditions.

Abbreviations
GRDDS = Gastroretentive Drug Delivery System; FT-IR =
Fourier Transform Infrared; NaHCO₃ = Sodium
Bicarbonate; CaCl₂ = Calcium Chloride; SD = Standard
Deviation; ANOVA = Analysis of Variance; USP = United
States Pharmacopeia; API = Active Pharmaceutical
Ingredient.
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